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Abstract The current review aimed to examine the evi-
dence on prospective associations between sedentary behav-
ior (i.e., sitting time) and weight gain. Prospective studies
published between January 2010 and August 2012 were
identified from searches in the Medline databases. In total
13 studies (seven in adolescents and six in adults) examin-
ing the prospective association between sedentary behavior
and any measure of weight gain met inclusion criteria. In
adolescents, mixed evidence was observed for a positive
association between sedentary behavior at baseline and
weight gain at follow-up. In adults, there was insufficient
evidence that sedentary time at baseline was a strong pre-
dictor of weight gain at follow-up. The majority of the
included studies used self- or parent-reported sedentary time
which can be affected by social desirability and recall bias.
Marked heterogeneity in study populations, exposure and
outcome measures precluded a quantitative meta-analysis.
Failure to appropriately adjust the results for baseline meas-
ures of the outcome particularly in the studies in children
and adolescents may partly explain the observations. There-
fore, firm conclusions whether prolonged sitting time pre-
dict weight gain in young people and adults is currently not
possible. High-quality studies using repeated objective
measures of sedentary behavior is warranted to establish a
causal association.
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Introduction
The increase in the prevalence of overweight and obesity
observed globally during the last 20 to 30 years may be
associated with reduced energy-expenditure due to physical
activity in everyday life. In today’s society people spend the
majority of the day being inactive or in sedentary pursuits,
including transport, occupation and during leisure time.
Recent estimates using objective measures of physical ac-
tivity and sedentary time in population representative sam-
ples suggest that no more than 3–4 percent of the awake
time is spent in physical activity of moderate to vigorous
intensity, whereas 60 percent of the waking hours are spent
in sedentary pursuits [1, 2]. Sedentary behavior has been
defined as activities characterized by sitting or reclining
position and requiring an energy expenditure <1.5 METs
(multiples of the basal metabolic rate) [3]. Light intensity
activities are those done while standing, but that requires
less than 3.0 METs [4]. It includes activities such as slow
walking, cooking food and washing the dishes.
Accumulating evidence suggests that sedentary behavior,
usually defined as sitting time or time watching TV is
associated with increased cardiovascular risk [5], all-cause
mortality [6, 7], and a variety of physiological and psycho-
logical problems independent of confounding factors in
adults. A recent prospective study reported that independent
of age, sex, body mass index (BMI), self-rated health, level
of physical activity, baseline cardiovascular disease and
diabetes, and other confounders, longer hours of sitting were
dose-dependently associated with greater risk of all-cause
mortality across an average of 2.8 years of follow-up [8]. It
has also been estimated that for every hour of TV time after
age 25 years, Australian adults can expect a 22 minute
reduction in their life expectancy [9]. A meta-analysis of
prospective cohort studies suggested that that TV viewing
was consistently associated with higher risk of type 2 dia-
betes, cardiovascular disease, and all-cause mortality [10].
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Despite the accumulating observational evidence suggesting
that sitting time and TV viewing are long term predictors of
morbidity and mortality these results should be interpreted
cautiously. First, sitting time and TV viewing time are
difficult to assess by self-report, and they are prone to
reporting bias [11]. Second, sitting and TV viewing time
may be a proxy for a generally unhealthy lifestyle including
a higher consumption of high-energy dense foods and
drinks. Although some of the cited studies have tried to
control for diet intake as a confounding variable, this habit
is notoriously difficult to accurately assess in any observa-
tional study. Therefore, we cannot rule out the possibility
that the observed results are explained by residual confound-
ing due to poorly measured or unmeasured confounders [11].
Third, both waist circumference and BMI have shown to
partly mediate or attenuate the association between TV view-
ing and CVD mortality [5] and CVD risk factors [12]. Adi-
posity should therefore be considered as a confounder or
mediator when examining the association between sedentary
time and health outcomes [11]. Forth, it appears obvious that
total time spent sedentary is the reciprocal of overall physical
activity energy expenditure. Studies that have adjusted their
analyses for physical activity have only controlled for a sub-
component, e.g., time spent in moderate and vigorous inten-
sity activity or leisure time activity, of overall activity. It could
therefore be hypothesized that the observed associations be-
tween sedentary time and health outcomes would be similar
but in opposite direction (i.e., inverse) when employing a
measure of overall physical activity. Indeed, objectively mea-
sured physical activity energy expenditure and total body
movement are associated with increased risk of death [13, 14].
Several studies have also examined the relationship be-
tween sedentary time (e.g., total sitting time, time spent
watching TV and other screen based behaviors) and obesity
and gain in body weight in both the young population and
adults. To date, the majority of evidence on the associations
between sedentary time and obesity is based on self-report
and only a few studies have relied on objective assessment
of sedentary time. Nevertheless, most studies have reported
cross-sectional associations between time spent watching
TV and overweight or obesity [15, 16]. A recent study in
8233 Australian women reported an association between
sitting time and weight in overweight and obese women
[17]. In the young population, a review of cross-sectional
studies found sedentary behaviors to be positively associat-
ed with weight status [18]. The majority of studies examin-
ing the association between sitting time and obesity have
been cross-sectional, limiting the ability to make inferences
about causality and temporal sequence. It is still unclear
whether increased sitting time predisposes individuals to
gain weight, or whether weight gain predisposes individuals
to sit more. Chinapaw et al. [19] published a systematic
review summarizing the relationship between young
peoples’ sedentary behavior and BMI or other indicators of
fat mass from longitudinal studies up to 2010. Thorp et al.
(2011) conducted a systematic review of prospective obser-
vational studies investigating associations between seden-
tary behavior and subsequent health outcome in adults,
including sedentary behaviors effect on obesity and weight
gain [20•]. These authors concluded that there is limited
evidence that a longitudinal relationship exists between
sedentary behavior, weight gain and risk of obesity. There
was, however, reasonable level of evidence to conclude that
sedentary behavior during childhood and adolescence is a
strong predictor of obesity during adulthood [20•].
The purpose of the present study was to update previous
reviews [19, 20•] to examine whether sitting time at baseline
predicts weight gain at follow-up.
Materials and Methods
A literature search was conducted in the Medline database.
The following keywords were used (MeSH, title words and
text words) “cohort”, “longitudinal”, “prospectively”, “pro-
spective”, “screen time”, “screen”, “sitting”, “television”,
“TV”, "weight gain", “obesity”, “body mass index” and
“overweight”. All searches were limited to English-language
peer-reviewed journal articles. The search strategy was con-
ducted from January 2010 to August 2012 and involved
screening reference lists of publications that matched the
current inclusion criteria. Only full-text peer-reviewed articles
were considered for inclusion. Titles and abstracts of the
identified references were reviewed to exclude articles out of
scope. Subsequently, full texts of all potentially relevant
articles were read to come to the final selection.
The following inclusion criteria were used; the design had
to be longitudinal (cause must precede effect); participants
were healthy and non-pregnant at baseline; the dependent
variable had to be a measure of weight gain (e.g., bodyweight,
BMI), and the exposure any measure of sedentary time. Stud-
ies reporting on longitudinal data from a control group in an
intervention study were included, whereas all studies report-
ing on the effects of an intervention were excluded. Studies
reporting on the effects of physical activity in general without
reporting the effects of sedentary behavior were excluded. Of
the 676 studies identified from the literature search, a total of
13 articles were identified and included in the review.
Results
Sample Characteristics
Samples sizes ranges from 254 to 120,877. The mean age at
baseline varied from 29 months to up around 52 years old.
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Seven of the studies were performed in children or adoles-
cents (Table 1) whereas six studies were conducted in adults
(Table 2). The follow-up period varied from 1 to 7.8 years in
the studies including young people, and varied from 4 to
20 years in the studies including adults. Only one of the
included studies examined whether sedentary time in ado-
lescence predicted overweight in young adulthood [21].
Measurements
Except for two studies [22, 23•] all measurements on sedentary
behavior were self- and/or parentally-reported. The majority of
studies using self-report measures examined TV viewing (n0
11), in addition, some studies also included playing computer
or video games (n02), computer use (n02), and total sitting
time during the day (n02). Two of the studies conducted in the
young population measured sedentary time by accelerometers,
one study using cut-points of <1100 counts per minute (cpm)
[22] and the other using a cut-point of <100 cpm [23•] to define
total sedentary time. Nine of the studies reported results for
objective measures of BMI, whereas four studies calculated
BMI from self-reported height and weight. Other measures of
weight gain were waist circumference (n04), hip circumfer-
ence (n01), waist-to-hip ratio (n01), skinfold thickness (n02),
fat mass or percent body fat (n02).
Young People
In children and/or adolescents, the majority of studies (n06)
found that higher levels of engagement in sedentary behav-
ior was associated with increased risk of overweight/obesity
[21, 24], increased BMI [23•, 25], or other indicators of fat
mass [25–27] at follow-up. However, in three of the studies
reporting an association, the analyses were not adjusted for
the outcome measure at baseline [21, 23•, 27] . In addition,
in one of the studies, this association was found in boys but
not in girls [26]. Similar findings were reported in another
study, where computer time predicted increases in skinfold
thickness in both boys and girls and increased BMI in boys,
whereas time spent TV viewing predicted changes in BMI
and hip circumference in boys, but not in girls [25]. One
study found an association between increased sedentary
behavior and increased percent body fat, but did not observe
any association with BMI z-score [27]. The latter observa-
tion was supported by results from another study that also
did not observe any association between sedentary time and
BMI z-score [22]. One study [21] found that TV viewing in
adolescence predicted overweight in young adulthood.
Adults
In adults, the results were mixed regarding the association
between sitting time and weight gain. The majority of
studies reported an association between sedentary behavior
at baseline and weight gain (n05), however, in three of these
studies [17, 28, 29] this association was attenuated toward
the null after adjustment for baseline BMI and other cova-
riates. One study reported that TV viewing at baseline was
associated with weight gain 4 years later [30]. However,
habitual active transport moderated the association between
TV-viewing and weight gain so that increased TV-viewing
was associated with weight gain at follow-up among those
who did not participate in everyday active transport. One
study found no prospective associations between sitting
time at baseline and weight gain at follow-up [31].
Discussion
This article appraised the peer-reviewed literature published
between January 2010 and August 2012 that reported on the
longitudinal relationship between sedentary time and weight
gain in both young people and adults. The majority of the
studies focused on a relationship between TV time or screen
time and increased overweight, BMI or other indicators of
fat mass. In the young population, mixed evidence was
observed for a positive association between sedentary be-
havior at baseline and weight gain at follow-up. In adults,
five studies reported that sedentary time at baseline pre-
dicted weight gain at follow-up, but in three of these studies
the association that was no longer evident following adjust-
ment for other variables, and one study reported no associ-
ation between sedentary time and weight gain.
In longitudinal studies trying to decide temporal se-
quence and the direction of causality, one of the key com-
ponents are that the cause precede the effect. In children and
adolescents, several of the studies found a relationship be-
tween sedentary time and weight gain. However, in three of
the studies reporting an association, the analyses were not
adjusted for the outcome measure at baseline [21, 23•, 27].
When baseline measures are not accounted for, causality
cannot be determined, suggesting that in these three studies
it is not clear evidence that sedentary behavior leads to
weight gain. In children and adolescents three studies found
an association between sedentary behavior at baseline or
change in sedentary behavior between baseline and follow-
up and weight gain at follow-up, three studies reported an
association but did not adjust for baseline variables and one
study did not find any associations between increased sed-
entary behavior and increased weight gain. In those studies
suggesting a significant association between sitting time and
weight gain in several studies, the effect size was in general
small or modest. Taken together, it appears premature to
conclude there is convincing evidence for a prospective
association between sedentary behavior and weight gain in
the young population. This observation corroborates a
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previous review concluding there was insufficient evidence
for a longitudinal relationship between self- or proxy-reported
sedentary time and indicators of fat mass [19].
Results from the studies in adults were somewhat mixed.
Five of the studies reported significant associations between
self-reported sedentary behavior at baseline with weight
gain, but in three of these studies, these associations were
no longer evident following adjustment for baseline BMI
and other covariates [17, 28, 29]. Furthermore, one of the
studies found the association to be moderated by habitual
transport [30], meaning the association between TV viewing
at baseline and weight gain at follow-up was only present
among those who were inactive in everyday transport. In
summary, two studies found that sedentary time at baseline
predicted weight gain, whereas four studies did not report
any associations. Therefore, it appears there is insufficient
evidence that sedentary time is a strong predictor of weight
gain in adults.
Explanations for the different findings could be the het-
erogeneity of the studies, which may reflect major differ-
ences in study designs, explanatory and outcome variables.
Ten of the included studies adjusted their analyses for some
form of physical activity. In adults, physical activity togeth-
er with other covariates attenuated the association between
sedentary behavior and weight gain in all studies but one
[32•]. In children and adolescents, adjusting for physical
activity attenuated the association in one study [22], and
moderated the association in one study [26]. Some of the
observed associations may be explained by residual con-
founding due to poorly measured or unmeasured confound-
ers or bias due to misclassification. Different self-reported
and objective measures of physical activity were used to
assess physical activity as a confounder (MET hours per
week, transport behavior, self-reported frequency of exer-
cise, physical activity score, aerobic fitness, and MVPA),
with some of these measures being rather crude. For exam-
ple, in one study parents were asked to report the amount of
time children spent on sports or exercise and they were
categorized into “4-7 days per week” and “0-3 days per
week” [21]. Further, energy intake is notoriously difficult
to measure accurately and cannot be ruled out as a possible
confounder. Even though six of the included studies attemp-
ted to adjust for energy intake, seven of the studies did not
include this variable.
A common limitation of the studies reviewed was the
measurement of sedentary behavior. The majority of the
studies used self- or parent-reported sedentary time which
can be affected by social desirability [33] and recall bias
[34]. The majority of the studies using self-reported seden-
tary time addressed sitting during leisure time with a partic-
ular focus on TV-viewing time. Although brief self-reported
questionnaires have shown to be adequate for group com-
parisons regarding TV viewing and computer use [35],Ta
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misclassification of self-reported sedentary time is unavoid-
able. However, if the error in the exposure variable is
random it will attenuate the true association toward the null.
Repeated measure of the exposure variable is recommended
in future studies as this may decrease the chance of mea-
surement error in the exposure. Only one of the included
studies reported on the reliability and validity of the sitting
time measure [30]. In adults, daily TV viewing were found
to have excellent test-retest reliability (intraclass correlation
coefficient00.82) although the validity was relatively weak
(Spearman’s rank-order correlations with a 3 day activity
log00.3, p<0.01) [30].
The association between self-reported and objectively
measured sedentary time appears to be weak, indicating that
the two measures are different constructs [11]. Only two
studies, both in adolescents, used objective measures (i.e.,
accelerometers) to examine the associations between seden-
tary time and weight gain [22, 23•]. These studies are less
prone to the biases compared with self-report, and reduce
the potential for differential measurement errors. However,
some error may still be present. The uniaxial accelerometer
predominantly captures ambulatory activities and cannot
distinguish between different postures or variations in walk-
ing conditions. The findings in the two studies using accel-
erometers were inconsistent. While sedentary behavior was
associated with greater increases in BMI at 50th percentile
and above between ages 9 and 15 years [23•], no association
was reported between sedentary behavior and increased
BMI z-score from ages 7 to 9 years [22]. The inconclusive
results might be due to the intensity thresholds used for
sedentary behaviors as they differed by a factor of 10 be-
tween studies ( <100 cpm vs. <1100 cpm). Unfortunately
there is no consensus on the most appropriate threshold for
identifying sedentary time from accelerometry. However,
most studies have adopted a lower threshold (e.g.,
<100 cpm). The difference between thresholds for sedentary
time proposed is possibly explained by a combination of
criterion methods (direct observation vs. indirect calorime-
try) and the activities included in the calibration study when
establishing the relationship between accelerometer counts
and energy expenditure. The sedentary cut-point of
<100 cpm, provides a useful estimate of sitting time, how-
ever, some standing time may also have been included. A
cut-point of <1100 cpm appears to be fairly high, and will
most likely also include activities of light intensity. This
may therefore explain why the latter study did not observe
an association between sedentary time and weight gain.
The majority of the studies included in the review mea-
sured sedentary behavior and weight at the same time points
with no intermediate measure of sedentary behavior. Some
of the studies examined the association between change in
exposure between baseline and follow-up with change in the
outcome, but such analytical model cannot determine the
direction of association. Other common methodological
limitations in the studies reviewed include limited informa-
tion on participation rate and selective non-response at
follow-up. Some of the studies that did report attrition,
reported considerable loss to follow-up (approximately
60 %) [21, 30] which may also bias the observed results.
TV viewing was the most frequent surveyed type of
sedentary behavior in both youth and adults. Watching TV
is the predominant leisure time sedentary behavior in adults
with averaging more than 3 hours in UK, the US and
Australia [36–38]. However, even though TV does occupy
considerable amounts of sedentary time, other domain-
specific sitting behaviors such as occupational sitting, using
the computer, playing electronic games, reading, talking on
the telephone and travelling by bus, car or train also con-
tribute to people’s sedentary time, not captured in most of
the reviewed studies. TV viewing time appears not to be a
good marker of overall sedentary time in young people [39].
Further, the possibility of residual confounding on the asso-
ciation between TV viewing and weight gain cannot be
excluded [11]. TV viewing appears to be associated with
snacking both during viewing and at other times [40–42].
Also, food advertisement on TV might promote an un-
healthy diet [43] suggesting that some of the reported asso-
ciations may be confounded by diet. TV viewing may also
be a marker for an unhealthy lifestyle in general. In addition,
reverse causation cannot be completely ruled out in any
observational research, as those who are more obese at the
inception of the study may report higher amounts of seden-
tary time. Three of the studies in the review did also exam-
ine reverse causality [17, 25, 31]. However, none of the
studies reported prospective relationships between weight
and change in sitting time in neither adults [31] nor adoles-
cents [25]. This is in contrast to some emerging evidence
that higher levels of adiposity at baseline predicts higher
amounts of sedentary time at follow-up in children [44, 45]
and higher levels of physical inactivity in adults [46].
Results on the association between sedentary behavior at
baseline and weight gain at follow-up are still inconclusive.
Further studies with objective measures of sitting time and
physical activity are required to clarify the direction of the
relationship between sedentary behavior and weight gain.
This is important as it is still unknown what type of inter-
vention is most beneficial in preventing the increases in
overweight and obesity in the population.
Conclusions
Findings from this review suggest that there is mixed evi-
dence for a positive relationship between sedentary behavior
and weight gain in children and adolescents, and there is
insufficient evidence for a relationship between sedentary
Curr Obes Rep (2013) 2:77–85 83
behavior and weight gain in adults. To better be able to
understand the causal relationship and direction of associa-
tion between sedentary behavior and weight gain, more
high-quality studies using repeated objective measures of
sitting time and physical activity is warranted. Appropriate
adjustment for baseline measures of the outcome and poten-
tial confounders are highly recommended.
Disclosure No potential conflicts of interest relevant to this article
were reported.
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